This study examined the relationship between phonemic and semantic (category) verbal fluency and cognitive status in the Wisconsin Registry for Alzheimer's Prevention (WRAP), a longitudinal cohort enriched for family history of Alzheimer's disease. Participants were 283 WRAP subjects (age 53.1[6.5] years at baseline); who had completed three waves of assessment, over 6 years and met psychometric criteria either for "cognitively healthy" (CH) or for psychometric amnestic mild cognitive impairment (aMCI) using an approach that did not consider fluency scores. CH and aMCI groups differed significantly on phonemic total scores, category total scores, phonemic switching, and category mean cluster size. These results suggest that measures of both phonemic and semantic fluency yield lower scores in persons with evidence of psychometric aMCI compared with those who are CH. Differences have not previously been reported in a group this young, and provide evidence for the importance of including multiple verbal fluency tests targeting preclinical Alzheimer's disease.
Introduction
The amnestic form of mild cognitive impairment (aMCI) is often considered a possible transitional state between healthy aging and Alzheimer's disease (AD) (Albert et al., 2011; Morris & Price, 2001; Petersen, 2004) . While impairment in episodic memory is seen most commonly in MCI patients who subsequently progress to AD, the nature of semantic memory deficits in preclinical AD is less clear. Semantic memory refers to the permanent store of representational knowledge including facts, concepts, as well as words and their meaning (Chertkow & Bub, 1990; Hodges et al., 1992) and normal performance on semantic memory tests relies on both intact memory stores and unencumbered access to the information.
Among the neuropsychological measures most frequently used to assess semantic memory are verbal fluency tests, or speeded word-list generation. In addition to assessing knowledge and memory, verbal fluency tests may also tap other cognitive processes including components of executive function such as divergent reasoning to generate category exemplars, maintaining cognitive set of the overarching category while flexibly searching subcategories, working memory (WM) for prior responses, and inhibition of non-category items. Verbal fluency tests are of two types: phonemic (letter) fluency tests, where words are generated that begin with a given letter such as "C"; and category fluency tests, where words are generated that are exemplars of a given category, such as "animals," both within a 60-s time limit. Typically, the primary outcome variable is the total number of words produced. While both phonemic and category fluency total word performances reveal declines in persons diagnosed with probable AD (Clark et al., 2009; Gomez & White, 2006) , category fluency has been found to be disproportionately impaired compared with phonemic Archives of Clinical Neuropsychology 30 (2015) [448] [449] [450] [451] [452] [453] [454] [455] [456] [457] between-group differences in total number of words produced, cluster size, or switching. While some initial work has investigated "psychometric MCI" (a construct in which longitudinal methods reveal early, preclinical decline but psychometric criteria is not met for clinical MCI based on published norms (also referred to in the literature as "pre-MCI"), the literature in this area with respect to verbal fluency is lacking. Loewenstein and colleagues (2012) found that declines in category fluency at the pre-MCI stage were predictive of progression to clinical MCI and dementia; however, phonemic fluency was not one of the examined variables.
There have been methodological limitations to some of these prior investigations. Studies examining the predictive value of clustering and switching for aMCI or early AD have had small sample sizes, and/or have been limited to groups with mean ages .70 years (Clark et al., 2009; Fagundo et al., 2008; Price et al., 2012) .
The current study examined the relationship between phonemic and category verbal fluency and aMCI status in the Wisconsin Registry for Alzheimer's Prevention (WRAP), a unique sample of late middle-aged participants at increased risk for sporadic AD due to parental history. We hypothesized that participants who were CH would differ on verbal fluency outcomes from a subset with psychometric evidence of aMCI (i.e., the subset did not necessarily have a clinical diagnosis of aMCI but did meet statistical criteria for early decline as described in Methods). While some initial work has investigated psychometric MCI (also referred to in the literature as "pre-MCI"), the literature in this area with respect to verbal fluency is lacking. Loewenstein and colleagues (2012) found that declines in category fluency at the pre-MCI stage were predictive of progression to clinical MCI and dementia. We also hypothesized that effects of aMCI status on verbal fluency outcomes would be most pronounced among the aMCI subgroup that also had evidence of declines in executive function. We hypothesized further that measures of clustering and switching might prove more sensitive to early aMCI than traditional total word scores. However, given the conflicting outcome of prior studies, we did not have a specific prediction regarding the comparative sensitivity of clustering versus switching in early aMCI.
Methods

Sample
WRAP is a longitudinal cohort (n . 1500) enriched for positive parental family history of AD. WRAP's study design and assessment protocols are described in detail elsewhere (La Rue et al., 2008; Sager, Hermann, & La Rue, 2005) . In brief, participants in the family history group have at least one biological parent with either autopsy-confirmed or probable AD as defined by National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association research criteria (McKhann et al., 1984) . Participants were English speaking and cognitively intact at baseline; most were between the ages of 40 and 65 (M ¼ 54) at the start of the study. At each visit, an extensive neuropsychological battery was given which included a phonemic fluency measure acquired at all visits and a semantic fluency measure added at the third wave of data collection. Participants included in the present study were 283 WRAP subjects who had completed three waves of assessment and had data for both phonemic and category verbal fluency measures.
Verbal Fluency Outcomes
Primary outcomes were based on phonemic and category fluency measures obtained at Wave 3 of testing. Phonemic fluency was assessed by instructing the participants to name as many words as possible that begin with the letters C, F, and L (Benton et al., 1994) within 60 s for each letter. Participants were instructed to name as many animals as possible in 60 s to assess category fluency. Each verbal fluency test yielded three summary scores as shown in Table 1 . The cluster and switching scores were obtained using the guidelines described by Troyer and colleagues (1997) . Briefly, clusters were identified by two or more successively generated words belonging to the same semantic or phonemic subcategory, and switches were calculated as the number of times a subject changed from one cluster to another. Repetitions and intrusions were not included in the total raw score or in the clustering/switching scores (Gomez & White, 2006; Raoux et al., 2008) . Inter-rater reliability for this coding procedure was assessed by comparing the scores given by three independent raters for at least 25% of total cases; the intraclass coefficients ranged from 0.74 to 0.86 for these ratings and suggest good to excellent inter-rater reliability (Cicchetti & Sparrow, 1981) .
Predictors, Covariates, and Other Variables
The primary predictor in our analysis was the aMCI status group at Wave 3 assessment (i.e., CH versus aMCI). The details of group assignment using cognitive factors representing memory and executive function domains are reported elsewhere (Dowling, Hermann, La Rue, & Sager, 2010; Koscik et al., 2014 ; cognitive factors are shown by domain in Table 1 ). Briefly, aMCI status was determined by examining individual performance at each wave relative to robust internal norms that adjusted for age, gender, and literacy level. Individuals with neurological diagnoses including meningitis, stroke, epilepsy, multiple sclerosis, and Parkinson's disease were excluded from the analyses. The CH group consisted of those who had no memory or executive function scores falling .1.5 SD below robust norms at any of the three assessments, while the aMCI group consisted of participants who had episodic memory factor scores .1.5 standard deviation below the robust norms on at least 2 of 3 assessment waves but concurrent normal independent activities of daily living (Koscik et al., 2014) . To test the second hypothesis, the aMCI group was divided into those who only showed evidence of declines in memory versus those with additional evidence of decline in executive function. The latter group included those with one or more WM or speed and flexibility (SF) scores .1.5 SD below the sample-based robust norms on at least 2 of 3 assessment waves. Covariates included age, gender, and literacy level as indicated by the Wide Range Achievement Test (Wilkinson, 1993) standard reading score. Other variables included demographic information (e.g., age, gender, and education level), depressive symptoms as measured by the Centers for Epidemiologic Studies Depression scale (CES-D, Radloff (1977) ), parental family history of AD (family history positive) or presence of one or more APOE4 allele, obtained as described elsewhere (e.g., Johnson et al., 2011) .
Statistical Analysis
The baseline characteristics of the CH and aMCI groups were compared using t-tests and x 2 tests. To facilitate comparisons across verbal fluency variables, each verbal fluency outcome was standardized to be distributed approximately normally with mean ¼ 0 and SD ¼ 1 (i.e., N(0,1), "z-scores"). For descriptive purposes, partial correlation coefficients were obtained for correlations among all verbal fluency outcomes, the two memory factor scores (immediate memory [IM] and verbal learning and memory [VLM]), and the two previously mentioned executive function factor scores (SF and WM), after adjusting for age, gender, and literacy level. To test our first hypothesis, we used analysis of covariance (ANCOVA) to examine differences between the CH and aMCI groups in Wave 3 verbal fluency measures after adjusting for covariates. For our second hypothesis, the additional effects of executive function on the relationship between aMCI status and verbal fluency outcomes were examined by creating a three-level cognitive status predictor with levels CH, aMCI only, and aMCI plus executive function deficit. When the predictor was significant, all pairwise contrasts were examined. Secondary analyses included: testing for differences between CH and aMCI groups on baseline phonemic verbal fluency measures, repeating the primary analyses examining the influence of depressive symptoms and performance IQ (PIQ) on verbal fluency outcomes, and reviewing consistency of results of primary analyses after including a random effect for family. All analyses were performed in SAS v9.3 and statistical significance was a ¼ 0.05 unless otherwise noted.
Results
Sample characteristics are displayed by cognitive status in Table 2 . The two groups did not differ in terms of age at baseline or Wave 3, education, family history of AD, or APOE4 status. The aMCI group had more males, lower full-scale intelligence quotient (FSIQ), higher literacy scores, and higher depression scores on the CES-D. The aMCI group also had lower AVLT total and delayed recall scores. The mean CES-D score was well below the screening cut-off value of 16 for both groups.
Partial correlations among the verbal fluency outcomes and cognitive factor scores representing memory and executive function are depicted in Table 3 after adjusting for age, gender, and literacy. Among the phonemic fluency variables, the total and switching variables were correlated with all episodic memory and executive function factors, with correlations ranging from The adjusted mean (s.e.) for the phonemic fluency total scores corresponding to the depicted z-scores were 44.8 (0.79) words for the CH group compared with 38.30 (0.77) words for the aMCI group. Similarly, the category fluency total scores corresponding to the z-scores in Fig. 1a were 23.6 (0.36) for the CH group compared with 21.0 (0.77) in the aMCI group. The adjusted mean (s.e.) scores for the CFL Switching scores corresponding to the depicted z-scores were 30.83(0.54) and 25.69(1.13) in the CH and aMCI groups, and the adjusted mean (s.e.) scores for the Animal Naming Cluster Size were 1.58(0.06) and 1.27(0.12).
AMCI Effects, with or Without Deficits in Executive Function, on Verbal Fluency
Of the 46 participants who met criteria for psychometric aMCI, 25(54.3%) also had evidence of deficits in executive function (i.e., WM or SF, as described in the methods). Figure 1b showed that all pairs differed significantly on the two phonemic fluency measures while the CH and aMCI + executive dysfunction group also differed on the category fluency total score. In secondary analyses, we used ANCOVA to examine whether the phonemic verbal fluency measures obtained at baseline differed across aMCI status at Wave 3. After adjusting for covariates, the aMCI group differed significantly from the CH group on baseline CFL total words and switching but not mean cluster size. The adjusted means (s.e.) for the CH versus aMCI groups were 45.6 (0.78) versus 39.2 (1.63) for CFL total and 30.0 (0.88) versus 25.3 (1.44) for CFL switching. Since the CH and aMCI groups differed in baseline phonemic fluency, we reran the primary analyses using baseline CFL total score as a covariate. The pattern of significance remained largely unchanged, although the differences between the adjusted mean were reduced between the CH and aMCI groups after adjusting for baseline CFL scores. The significance of cognitive status and the adjusted means are shown for each verbal fluency outcome in Fig. 1c . Similarly, we reran the analyses depicted in Fig. 1 including PIQ as a covariate and all conclusions remained the same. In additional secondary analyses, we added the Wave 3 CES-D scores as a covariate and reran the models; the pattern of significance in the cognitive status variable was unchanged. Finally, we reran all primary models including a variable for family effects; again, the effects of the aMCI variable remained the same. Both APOE4 and Family History status were examined, and neither variable was a significant predictor of verbal fluency status.
Discussion
Our analyses indicate that measures of both phonemic and category fluency show lower scores in persons with psychometric evidence of aMCI compared with those who are CH, confirming the initial hypothesis. The CH and aMCI groups differed significantly on four of six verbal fluency measures, including both phonemic (CFL) total and category (animal) total scores, switching on the phonemic task, and mean cluster size on the category task. Further, consistent with our second hypothesis, decreased total fluency and switching were most pronounced in an aMCI subgroup with executive function deficits in addition to memory impairment.
Our study showed no significant association with either APOE or family history status and depressed fluency scores on the traditional 1-min fluency tasks. Similarly, while Rosen and colleagues (2005) did find reduced cluster sizes in APOE4 carriers (mean age ¼ 62) in a 10-min category fluency task, no differences were found in the traditional 1-min fluency tasks between carriers and non-carriers.
Traditional total scores differed between the groups for both phonemic and category fluency, and these differences held after adjusting for baseline fluency scores. Differences have not previously been reported in a group this young (Amieva et al., 2005; Clark et al., 2009 -mean ages at baseline ¼ 74 and 71, respectively); further, phonemic fluency measures have yielded conflicting results in the literature for early memory impairment (Adlam et al., 2006; Clark et al., 2009; Murphy et al., 2006; Nutter-Upham et al., 2008; Rinehardt et al., 2014) .
The psychometric MCI group in our study performed better on both fluency tasks when compared with aMCI groups cited previously. For example, Murphy and colleagues (2006) reported mean category fluency of 15.4(4.6) and letter fluency of 37.1 (9.5) for an aMCI group, while the psychometric MCI group in our sample had a mean category fluency score of 21.0 (0.77) and letter fluency of 38.30 (0.77). Similarly, from the Alzheimer's disease neuroimaging initiative ADNI, Johnson and colleagues (2012) report a mean category fluency score of 15.9 (4.9) in an aMCI group (letter fluency not examined). The differences in verbal fluency scores between our psychometric MCI group and previously published studies of aMCI groups indicate a possibility of detecting verbal fluency deficits in an earlier, preclinical phase of decline.
That a decreased switching effect was seen for the phonemic fluency task-and was more pronounced in the aMCI subgroup with executive dysfunction in addition to memory impairment-may concur with the concept of "switching deficit" described by Troyer and Moscovitch (2006) . The deficit is described as a degradation in the processing of strategic searching, disengaging from an activated cluster, and/or producing a new cluster. While the effect of a switching deficit has been previously noted in a preclinical population on a category fluency task (Raoux et al., 2008) , significantly reduced phonemic switching has not been reported in a younger, preclinical group such as WRAP. However, the phonemic total words and phonemic switching scores were highly correlated (r ¼ .78), possibly suggesting that decreased switching is simply a function of decreased total words. Conversely, the mean cluster size and switching variables on the category fluency task were not strongly correlated with the total scores. It is therefore possible that the evidence for a two-component model exists more for semantic tasks than phonemic. Further, greater impairments on category fluency than phonemic have been more commonly reported for people with aMCI or AD (Crossley et al., 1997; Henry, Crawford, & Phillips, 2004; Murphy et al., 2006) . The differences in both category and phonemic fluency we observed could reflect deficits that occur at an earlier point in the continuum of preclinical AD, or alternatively, may stem from other subtle brain changes unrelated to AD.
In this younger and more cognitively intact population, the other verbal fluency variables (mean cluster size for phonemic fluency, switching for category fluency) did not provide added utility. Reductions in mean cluster sizes in both types of verbal fluency tests have been evidenced in patients diagnosed with AD (Gomez & White, 2006; Tröster et al., 1998; Troyer et al., 1997) , and have been explained by the disorganization or degradation of the semantic store (Henry et al., 2004; Hodges et al., 1992) . Possibly, these variables will provide additional benefit when deficits are larger, or when they can be further examined longitudinally.
Although verbal IQ was slightly lower in the aMCI group compared with the CH group, WRAT reading was slightly higher in the aMCI group; therefore, we would not expect the aMCI group to be at a disadvantage on fluency tasks due to generally lower verbal ability. Also, although the difference in depression symptoms on the CESD was statistically significant, mean scores for both groups were well below published cut scores for clinical depression.
Limitations of our study include the inherent subjectivity of the clustering/switching scoring system, particularly for the category fluency condition. Some clusters were apparent upon consensus scoring among three raters but were not included in the Troyer et al. (1997) original scoring system. While these additions were documented and followed throughout the scoring process, the myriad possible word combinations may be difficult to capture. The use of a specific semantic category switching condition (e.g., instructing participants to switch between different semantic categories [fruits versus furniture]) as did Clark et al. (2012) , may be a useful measure to examine in this group in future analyses. Further, in light of some studies showing differential performance across types of fluency tasks (e.g., Brandt & Manning, 2009) , future analyses may also include analyzing each letter (in this case, C, F, and L) to test for differences among stimuli.
The current study may be viewed as an extension of Koscik and colleagues (2014)'s description of robust internally based norms (which were based on immediate memory and verbal learning and memory scores) to verbal fluency. While such continuity has advantages, there is also the possibility of a cohort effect or circularity even though fluency was not considered in making the psychometric MCI distinction. The fact that fluency measures are only modestly correlated with memory (0.29 for letter fluency, 0.24 for category fluency) supports the notion that this domain explains unique variance and adds clinical relevance and is not merely a circular diagnostic effect.
While individuals with neurological conditions were originally excluded from analyses, the effect of other emerging comorbid conditions (i.e., hypertension, metabolic syndrome) on cognition was not examined. Although such comorbidities may be unlikely to show a focal effect on verbal fluency, understanding such relationships in an aging population would be an important area of future study.
An additional limitation may include the nature of the sample: the WRAP cohort, which draws many of its subjects from the college-town of Madison, Wisconsin, has a higher than average mean baseline IQ, and many of the participants self-selected based on family history of AD. Replication studies using a cohort with a mean IQ more typical of the general population, as well as a more randomized sample of middle-aged adults, may be of added benefit to the verbal fluency literature.
Strengths of our study include a larger sample compared with previous studies of verbal fluency performance in aMCI/AD, as well as a group that is enriched with people at risk for AD. Further, our use of relatively conservative, robust internal norms to define aMCI across multiple testing visits provides a unique insight into subtle cognitive changes. While the psychometric aMCI subgroup in this study did evidence memory with or without executive function deficits (which were non-fluency based) according to internally developed robust norms, these participants are far less impaired as a group than clinically referred MCI group means (Weiner et al., 2013) , suggesting that verbal fluency tests may yield useful signal in the preclinical stages of AD. In summary, the findings of depressed total word scores for both phonemic and semantic measures in this younger cohort with evidence of psychometric aMCI versus subjects who are CH, suggest that there may be added utility in obtaining both semantic and phonemic fluency scores as markers of early cognitive dysfunction. The tests are inexpensive and quick to administer, further adding to their clinical utility. Future study of the qualitative fluency measures (clustering and switching) in a longitudinal analysis may provide additional information about the brain processes involved in these tasks. Publication of additional normative data for both cross-sectional and longitudinal samples would enhance both the research and clinical utility of these added verbal fluency measures. An additional area of future research may be to replicate these verbal fluency results based on a more generalizable population-based sample (not enriched for family history of AD), which would not only add to the understanding of verbal fluency processes and deficits but also to the understanding of preclinical stages of MCI and dementia. Finally, a better understanding of executive function deficits in early stages of memory loss will lead to improved interventions for this group. 
